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. Derived Unit Costs of the Principal Glaesifications of Work 
vad caer | Unit Goats in Dollars per Gubje Yard 


Colum * a" Colum "3B" 
nnineimenasine CoMeragtor’s Cost" “Owner's Cost” 
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- The relationship that these sctual costs bear to the costs @s- 


tinbted by the Commission's engineers in estimates prepared by them from 
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time to time will de divenssed in orieet sand ” this report, but they 
are ‘given here as & matter of record as thoy | gore within the mubipet ¢ of 


winaiyste of espendttares . 


Gus of the general question of costs naturally arises a dis- 
enssion at to ‘What with be the ultimate cost of the whole libata 
shan completed In this ‘comet ion the question referred to this Com , 
mission tm the Letters Patent .veing ‘fos 3.resds as follows: = 

‘i othe ‘total ‘cost pe hy ‘completed of the (ueeneton- ee 
pews, Power Development, , wat 


_ Oaip 
fa) With five unite instelled. 
fd) eg ie vane dnatalled to the full capacity of 


wie lg aig aed 


im giving on answer to question No. 3, it is to be borne in mind 


that any sian submitted ia necesseriiy the roanlt of the i page: of an 
estimate based upon expenditures elreaty made nd ‘ ostimte of the cost of 
wnat will be required to complete the “work pot te ‘be ‘wahertakene ‘the ‘figures 


herewith ‘gubmitted then, eannot be taken as an ‘exact roprasentotion of cost, 


bat ‘our ‘Consulting ‘Engineer has carefully “es sined the ‘work yet to be come 


pleted and bas ‘satisfied himoelt ths t these » Figures vopresent as e merly | as 


poosibie, actual ‘eonte 


fhe total cost of the (neenston—Chippawa Power Development up te 
the completion of five units as nearly as cam be determined is $65,654,296249. 
This figure includes the whele of the completed canal and the intoke as well 
as other portions of the Development which will be used in conjunction with 


the units to be subsequently installed. it is impossible to subdivide 
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‘Wikis weenk wo aul’ mas "RS See enEGL IG Uo Uke ‘tive ehtGe cntpe” Var 
eoste such as capitsl cost por hores-power, cannot be defimitely derived 
from the above figures, and are obtainable only by considering the totsal 
cost of the Sully completed Development. 


oe 9 he estimated cost of the Queenston-Chiprewa Power Developasnt 

with units installed to the full capacity of the canal is 202,483,914.%. 
his figure is derived by sonsidering the expenditures made to date, adding 

therete the oontaates, onet. tor somphekion me Aetnnerne Therstrem the 


pabipanad. selvage value of the construction plant, stores | on acd ad | 80 
forth, vat not aoarfed 


E he) or "Lands ® purchases over ond above present 


recutrenonts 


oto. oo The expenditures in comection with the Development up to 

September SOth, 1923, including 92,019.14 for investigation for Muture . 
Aevelopuent, as shown by the records of the Commission is §66,796,611.65 

mfter waking deduction for tho eatimated salvagee The totaj, is arrived 

at by completed records up to august Slot, 1925, amounting to 066,576,011.55, 
‘together with estimated expenditures during Septesber 1925 enounting to Nemo 
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_. Im Seation 2¢ we have dealt with the question of capital ox- 
penditures, and heve indicated whet the total cost of the Davelopucnt will 
be when completed. The cost of the Development and its capacity are wore 

(oy less complementary to each other and the two must be considered together 
' Af the true economics of the Development are to be understood. . 


' perder te submit relisble information relative to ‘the aetnal 
capacity of the Devolopgest und ty 
with the plant in ope m0) ba wneuiting ngineer was instructed to deter- 
mine, ag closely s8 possible, the cerrying capacity of the canal and the 
potual output of elestricsl mergy avetiable from the wits at present in- 


e,power which world be mide availabiea 


Stalled, amd from this inZormution to derive,as elesely as possible, the 
comercial output of the plant under veriovs conditionse im connection — 


ony 


with this matters lire Walter Jp Franoig has preyered an exhayetive report 
qntitiod "Chapter D- Foyer available"s His. studies on the subject are 

comprehensive and in addition to carrying on actual teste of the plant ss | 
now in operation, conducting measurements amd raking physical examination | 
ie and hydrevlie studies of the severs] elements constituting the Development, 
be has corefelly examined meteorological and other data available from the | 
records of the plants which have besn in operation over a great number of | 
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fhe determination of the powor available from the Development | 


involves annie the determination of the elevation of the head waters, | 
the carrying capacity of the geliand iver, the sarry ing capacity of the 
oanal, the determination of the elewstion of the tail water, and the 
efficiency of the main units. “th Addition to these principal features, 
many minor hydraulic losses have to ve considered, as, for example, the 
entrance head of the inteke, the losses due to bende and to changes of 
section in the river and in the canal, the loss in entrance bond at the ’ 
screen honse, the Teen in the penstoeks and im the deobrson valves, and 
in the draft tubes, a.well ss the losses in the turbines and in. the ae 
hy e 


slectrical, tenable * | ‘Del 


The I oa of available power for a given sila! | 


developrunt generelly includes amongst other factors watershed aYOa, | 
precipitation, evaporation ‘end run-off, in order to arrive at the dopendable | . 
flow, ‘but none of the four enter into the problem in the usnal way in connee- | 
tion with the Queenston-Chippawe Power Developme: 
the immediate head water, snd the discharge of the Great lakes System down 
te and insleding jake Erie, being the Niagara River, is the source of — 
water eapply for the. Developments The proportion of water available for 
this end other developments is derived from the terms of an internutionss 
agreements our Consulting Ingineer states that, in his opinion, it is 
possible that the quantity of water divertible from the Niagara River for 
hydro-electric purposes my be increased in the near future by mutual consent 
of Candde and the United States, and that, in view of the advantages that 


te Lake Erie constitutes 


would aera 10, the elevation of the water surface, at which the diversion may 
dP» 


be made, will be ‘held pore nearly constant or raised above the olevstion 
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now generally obtsining. 


! The Devolopoont is voll | ossted to take edvontace of 2 any re 
furore regulation in this respest ond it is whee pdetannaseeake giinetes 
in baving its Sailrece 80 closely sajacent te lake Ontarios im connee= 
tion vith thie particular sattor, cur Consuiting inginosr states: 

“these reaviree; brieriy. donee ep ag fixed and ¢ dapentable 
: elevations of head water and tail water, as well ae 
: definite flow, taken im conjemetion, make the lecation of 


: the: Qaeenston-Chippaws Power Development highly advantageous OIF « 
| from the viewpoint of hydraulics. et 


After “dovortbing: the mnney in whic the date Lait results con- 


taines | in the ‘report referred te abore were ‘obtained, our hy oh 


inginesr states ad 


otexen ae & shetns the: weiadts in the pbs is wader 

the general title of ‘Power Avaliable’ have bean obtained 

after a practically continuous study during sixtean months, 

foliowed as quickby as the exigencies of the situation Ha Pw 
would pormite” . . is pear Ded 


he general question referred te this Commulesion in comection — 
with the above mbjeot, being question Foo 4, ter 
- fhe gontinmons output capseity of the Gueenston-Chipnowa 
Power Development » under fhe oe nent ioned ie 
* Clause Bet 
h ‘Giense 3% ‘referred to is “aastion 3 contained in she letters 
Patent, ant the cond tt iene referred, to are Parts {e) and {b] of insaiten 


3, wid are BS follows: 


(a) with five units tmstalled. =” une tu tak 
(>) With units Installed to the full capacity of the canal, 
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To this part. of question Noe 4 Dased upon the tests and studies 
whieh are recorded in our Rennie Sugineer‘s report before referred to, 
the anewor iss... 

“The sont inuous Maes a howr output ospacity of the 
queenst Power Development with five units 


ppara 
installed under norm, operating conditions is 276,000 
vee cater wigalcnanaiial 


wapeetty ae 40 eine 


” On the same basia as (mection 4(a}, answered ag the follow. 
ing atatenent is. iia dl Seis answer to question 4(b): 


“the oatinated sot Ingtons [yehtF-four hour ontpat capacity 
of the GuesnstomAGbibgewa Fowpr Development with units 
installed to the full eapacity of the canal is £50,000 
electrical horse-power.” By, 


"'h @isouseion of this question necessarily includes consideration 
of the conditions under which the Development will be operated by the Comis- 
Bione As we have already showm in our report om the Blagera System, the Com 
mission, in addition to the plant at Gueensten, owns and operates twe other 
Jarge plouts which also draw their water from the Wisgers River, nemely, 
the plants of The Ontario Power Company and the Kledtrical Development Com- 
panye. Therefore, it is necessary to consider the cperotion of the uneenston~ 
Chippewa plant not only as a unit by itself, but as one operated im con~ 
Junetion with the two er yond oye named» 


_ The combined operations of these plants is fully discussed in 
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‘Epa ta 


3 our ¥ Consulting Ingineer's my ontisied “Biagare Syston, Part un, and 
ae matter As farther Sigenseed tm this Comnd asion’s report entitled | 
“Report on the Slagare Syston” ok for detailed informtion we would refer 
you to these doounmts. & this report we will deal only WAGE, the broader 
question, namely, the water that is available for the (neanston-Chippawa 
plant under normed idpebeting sonditions and the power that ean be 
developed from ite 


Basi ii ne leiian Patent refers to this matter in (uestion 6, which 
pentay. 


am 8 (a) the gua 887 « of water 3 now y avatiabie for use by 


"te) Phe alin hoda ble developed thereby im con-~ 
” Siegone outpat at the Queenston Power Stations 


the water now available gor use Dy menne of the Queanston- 
Chippewa Canal is derived from two sources, namely, the Yellend River and 
‘the cunaglashat lal 


i aia ails ‘the flow of t the voll snd liver is couparativoly inh and the 
eonaensue ¢ of 0 opinion is that ie meaayy be eonsidersd to be lees than 100 oubie 
feat por seoond at iow waters he engineers of the Somnission in their 
estinates naed Aha fig. of £0 gable fear por second ae ‘he available flow 
fron the Welland Rivers without sliowig for ite storaye possibilities us 


pondage ae be ey, regulator in power plant operst lone 


ge flew from Bingure River ved dimited by the ger of 
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which treaty was to venain in ferce for five years, torminable thereafter 
ou twelve mouth’ written notice by elther party. So notice of termination 
hae been givens ‘Paragraph 4 of article V of the treaty says: 


“The United Kingdom or the Dominion of Canada, or the m8 
 Provines of Ontario, may authorize and permit the — av. 

» , @iversion withia the Provinces of Ontario of the waters, 

of said River above the Palle of Niagara, for power 

—— C5, not exoeuding in the aggregate s dail 

pe) a verat a at the rate of by ae cable fe feet of seas’ 
per second.” _ Pa Page sinha Doge 


“mils paragraph apparently contenplates @ var ation in the rate 
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of use of water tor ‘power Farposes: ‘throughout ‘different ‘perl ods of the some 
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power plaute, wherein the rate of use of water varies throughout the twenty- 
four hours according ¢ ORS }Qpom the plant. While it wuld be 
evidently unreneanable to interpret thie clause as permitting the diversion 
of water ot a rate four or five times the figure specified during a few 
hours of the day, it is SH2*, repent es. (0 the other hand, to permit of 
variations in the rate. of Use 80 as to esd tay with, the ordi mary condi tt oe 
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found. in plants at Magare Palise the Leite of variation in the rate of use 
of water differs from plant to plant, but a variation of 20% or even 26% above — 
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the Canadien ide of ‘the I “Magara. Biver for power purposes: ind to a ‘figure of 


about 45,000 cuble foot per wecona during several hours of ‘eaoh day. Pro- 
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side of the ere Raver, castusive of the Seeene yeas pare. Power 
Developuent » ware diverting « under ordinary a ‘before the uecnston= 
Chippewa power Development was pailt, an ageregate snount of 32,000 or 
$3,000 eubdic fest of water por seaond, an nearly ae can be determined. 
the Countaston now owns or controls the Slectrical Davelopcent Company 
plant and the Ontario Powor Company plant, thas obtaining the opportunity 
of ‘working these two plents in conjunction with the GuoanstonChippama 
Power  Developoont. ‘She other two power plants, nanely, the Cenedion 


power Company. ond the Internationa? neilvay Company ? have rater 
rights which are fixed by agrecnent ‘sah orders~in-Counetl, 20 that me 
uae of water ‘by these ‘0 plants is ‘defined and ‘Liettea, but ib ia not 
onder the control of fe2' Foe fed dy. The maximum emount of water usable 
by these tvo plants together is variously estimated between 6,600 onbie 
foot par second and 9,800 cubie fest per seconde | 


Tt ts. ‘estimated that ‘the moet effietent wae by the Comission 
of tha Slectrical Development Compony plant ond the ontario Power Conpeny 
plant would be at a combined outpat of about 260,000 siootrioal horse . 
power sont imously, requiring an anount of water variously ostinated ~* 
botwean 17,200 ‘cole fest : Det ‘oonk van 18,100 « oubie feat per "seed 


, With. sii. fous plonts in operation. under there olroumstances | 
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the probable nse of water 49 chout 26,000 or 27,000 eudto fost por scant 
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While mot specifically referred to in any of the questions 
: referred to this Commission in the Letters Patent, it 19 to be noted that 
: the plant as at prevent built, and more particularly the oamal, was 


designed to utilise 15 G06 cabic feet of water por second. Taste cone 
noted py our Canad thew, Rngineer. ipdioste that the expectations of the 


Comeiseion's engingers in this respect will be eseeeded and that 1% may 


Ca ah AA Oe 


be safely assumed that the oa will =e & flow of maid asthe 
46,000 ‘enbic ‘teat of water ver ‘second or ‘mores 3 it is ‘apparent, therefore, 
that the canal ie oupanle of passing the waximom sabres of water, which | / 
our r Consulting ‘Bngineer states 2 should de available: Leal ‘the eperetion oe | 


sa itp iis aR a 


In disenseing this matter, it f6 to be borne in mini that the 
statenonts just previously made largely depand upon what may be termed 6 
preoticel interpretation of the terms of the treaty eovering the diversion 
ef water from the ogee Rivers Sut no matter whet the interpretation of 
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the water the nade available for the ‘uecasten-chippame plant. It may be 
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water available for tha full and complete operation of the Quecnston- K 
: Ghippaws plunt, by reguleting the operation of the two older plantse It 
geere reseoruble to ascure that 1% will follow this course, for not only has 
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the (ueenston-Chippaws Plont a very high operating efficienay ay con 
yered with the older plants, but one oubie foot of water need at the 


high head im at Qusenston wil) develop twice os mech power as the 
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Life 
Sag 


| an ‘ial innit balihtann hah ante Saletan gt % 
our anger. to Question 4, but for the sake of completeness the following 
statement fa submitted djlti. fhe power that can be developed by 1¢,000 | 
“cubic foot of water por second! tm contimons output st the Gneenston 


| | 


Chippaws Power Station is tt elestrices horse-povers 


The Lettors Patent refers to this matter in smestion Noe 7 

sich, is:.. aia i aah wie. intey en Ree ) 

"ie what momner and to what oxtent will the ‘bia of Miagars 
Power be affected, if at all, by the cost of the Queenston 
Chippewa Developount.* 

The Guemston-Chippawa Yower ‘Development ecmnenced to deliver 
power to the "egara System early in 1922, although undergoing adjustment 
‘and extension. Im the sane year the Goumission took over the Toronto Power 
Compeny, ‘meluding the plant of the Blectrical Developnent Company and @ 
steam Seen in Torontos Im the same your the Commission decided te operate 
ent of The Ontario Power Company “at cost", rather than to follow the 
former procedure of billing themselves with part of the power at the old 
contract yate ond making supplementary charge to cover the loss on the 
contract prices 


et 90 boas sotwn 20 tou whine 


RTT aa ei enema n Wh pin tame 


ad nay t0mog Aon ua gous yoke 


aipbanatin tenes bev rete ranean tantners tiem tis aes 


dra ean 2 ne dasnaig, rondo ‘edt date & 


: 0 oxi ad? a tas " soitewi: 02 vaweae 


ot usa. fatd woo ot witegs bosdtortoe ab 


" tecritrelnabenigomrie scepter Saher 5 crs seber dan Selene ean bua a 


ya hehe ere rate = eee ill 


A iat A nse sieah ma, 2 x bs y ‘ f 1 
Bee RE EN yas wt , st. 3) ina ae Mee ? ‘ 
PP REN ar ‘ vou Kind stoat9 000,028 a wat tue tewar 
Phvhie sat enterete lyase tien a. Weer tee den chum rag veiyyremcrehaunatccdtr beam ean Harte be a ine 
ee , re LER Pape va ee Romatineratese ane M (alah a ‘reirberneart yt gs envennemee nate inoens eimbene a ia ie 
: , iW J 4 4 ae . 


,* i 
; 
{ 
" 
; = 
2 
. 
{ ’ wh idie Nh " if H fh id i i 4 
i . is fi | Mss tt i? Fakes 8 eRe firdiel lao tie pate te x i day se ht 4 fb.) 5 
r \ ia nh ran; ae o ae ah Carafe ee z , hel ; *, ; 5 i Hie 5 my mite 4) dit 
y Ry Mau Pa ME ee Aue aia ae ik eye Ae ohn Af aH 4 Bue BE i 4 beer te Na Rumer he) 2 
4 
f ' 
j \ 
| 
yay 
iy gy | 
1 } 
yi : 


‘ yn 


a ewe ovate ot ore woo? ceo oy wae at a 


Tf 
i 


‘ 
oe nadie on ns i i, ra * 


| 9 ae ett soto at 


al ie Lurene ty ia vat adie Sl a sty begs +e 3 
5 f 


Bhp asta xiwog edt to Seog ste we abrtemande ‘iu0s 
Mae Ne aaa i eS oa i a TE Hi 


a 
aa 
‘ 


i 


His yet Vag kites Oar mm hsb 


a ie ie a ae Wee 


Ic Inqui We MISSION ie eta a 
let or cana RY MMISS | wm 
rr ron Enciosune To 


Taking a these factors into consideration, it ie evident that 
1922 te & transition yours “Several yoars may elapse before the whole com 
bination of power plente will have reached a condition of stability as 
rogerds costs and operating conditions. Therefore the comparison of power 
prices mast bo ‘nade sith the end of 1921 as the dividing Lina, the period 
prior ee thet date boing before the oueenston-Chip para Power Development 
was | mtrioienty fer edvanced to be considered as & power producer 


nd mrernge price which the Commission paid for Niagara power 
from ell sources of supply ‘from 1911 to 1921, inclusive, is as follows: — 
191, £9.40; 1912, 094037; 1913, $9000; 1914, $9.00; 1918, $9.00; 1916, $9.48; 
1927, @10.11; 1916, é m $10.2 Bs 1920, ‘$41086; 1922, $12056. Ali 
cplsamiedy of St:S a0 purchased per annie In 1922 
the average coat is stated to have been ne per horse-powsr per annum, 
tut this figure includes a block of 75,966 horse ‘ from the Quesnston- 
Chippaws Power Development, willed at the erbitrary Fieane of, §20000 por 


" “te ‘tina the ‘effect of the Development on the price of Hiagera 
power: it is neceesary oe: ootinate ‘the cost. ‘of powor from each of ‘the three 
sources of supply at ‘Mlegara Palla, comely fhe Onterio Power Company plent, 
: opaant Company plant and the imeonston-Chippawa Power 
Development’ and ine aacertain. the, gist vi of the tateh gener damame 
oupplied ‘from oust of the three soureete 


plant under 


The output capacity of The Ontario Power Company 
raxinem conditions is sbout 193,000 horse-power, but the probable most 
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efficient wanes at overat Lou la with « ark ‘rts of about 159,000 horse- 
power, Stntlarly, the Sleotrisal Development Company plant could ‘protues: 
about pe og horsepower, wat ite probable fost efficient use 4s at an : 
autpat of about 100,000 sane a Shere ia aleo the stese reserve 
plant at forente, whiah alt ough ‘not operat ing: is being maintained ag on 
onergency power reserve, and 1 the fland er should be billed against 
power generation. 


‘The cost of Niagara power at the switchboard at Bingora falls 
will be made up tn the future ef the operating vost® and fixed charges’ an 
AW ae By. of 280,000 horse=poror under nome | 


eualsrions from the wombbined operation of The Ontario Power Company 
plant and the 


demand being wupplicd : from the Qa 
figures are ac follows: 


* Goteal anneal | bing costes and fixed charges, between © 


Ae $2,009,000 and eg ri fg equivalent respectively to 
$43.50 and 15.90 per horse-~powor per anmu, with an output of 
150,099 herse-power. 
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Coet per Be Pe per 


BK de 4 Oe OC ES pve ereat] 
Plent Output, H. Ps Seestbie Poasible Possible Possible 
(So spare machines) Minima: . axiom Rinizem © Baximem 


300,000 $4,300,000 
400,000 
00,000 6,800,000 
B50,000,.. -B yBO0, 000. 


in the above tebles the mark (a) denotes estimates baced om 
figures of the Kydro-Sieectric forer Comnisston, and the mark {>} denotes 
Ne yo maie tor contingeneles, additional 
reavrve for renewals, end so forth, euffictent to cover maximum requirements. 


vel the total annual fined ‘charger should probably bo betwoon 
§120,000 and €150,000 anrmmually rithout outyat and under normal 
conditions. 
om the above aseumpt ions ‘the weighted average cost of Hisgare. 
power at the switehboard at Magure Palls will be between the ‘following 


Limits: 


Combined Outpat 
{ali plants} 


$50,000 #7 626,000 $8,160,000 #15096 014075 
600,000 > 7 880,006 ooo By400,000 15208 14.00 
680,000 &, 670,006 &, 780,000 12040 13065 
900,000 ws By BBO, 000. » +) B_6O,000 | 1208S 13410 
750,000 9,120,000 9,800,000  lielS 13,10 


- naeirtns nk tater bhaeste, 
feeres seden bes toggeo 


“+ By Pre 
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sett, Ala laa ia, 
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rom these Shanes at wilt stot seen that 4 price of Wingare 
power to ‘the Commission after 1921 wil ba affected very Little in one sonse, 
ond voy metorieily in “spother, by | tho installation of the Developrante 


oe 


. She figures from 1911 to 1921, inclusive, show that from 1915 
the price has bene otendihy ge in 3983 it was $12 «55 ar soc saga 
per sheer’ “onttting L8nz as the first of ‘he transition yours, the figures 
for which are subject to eajusteont, the existing prosant oonai tions are 
next to be ple Br ‘These show weighted avorage costs, with ‘850,000 
hor se-nowar evaileble at best effiotenoy, ranging patwoun £13.90 cas, €14.75 
per horve-power, bat a8 ihe power generated os billed in 1923 was probebly 
nob 680,000 horse=porer, bot some aval lor figure, the tote comma costs ta sb 


be divided by the me Poy « figure to get the average cost prices 
ie this figure: were 800,000 ‘horse=powar, the average cost would be ahent 


25400, and similarly it it were 400,000 horse-porer, the dost price per 


horsepower would be $19.00 or $20.00, and 30 on for any other figure of 
output. It is reasovabie vo aasume thot the outpat tes the year 1923 will 
lie ‘votwoen these Limite. the figures in the above table apply, therefore, 
only on the assumption that there is a constant output of 860,000 horee= 
power from the plant of Te ontario Power Company ond from the t apoaig of the 
Blectr ies} Developasnt Company cub ined, nd that ‘each stage of the queenston- 
chippom ‘Power Devalopsent ts fully loaded before oapital expenditures on 
succeeding stapes of development axe wade and the cennual Flay ape thereon 
carried by the revenues from = operations 


— _ 1t.eppears likely that after 1924 or 1925 this condition may be 
substantially realized, and that for the later stages of development the 
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weighted average cost price of Niagara Power will be about $12.50 or $15.00 
per horsé-power at the owitehbosrd, or wboat the same as im 1921. Until 
this condition will heave been realized, the snuual éosts per horse-power 
mst be found by dividing the tote] costs by the total horse-power billed. 


Another aspect of the situation should also be mentioned. If 


the Gueenston-Thippawa Power Development had net been made it would hove 

| been necessary to parchase power or gomerate it elsewhere to supply the load 
: demands, The records show that the purchase price of power from other 
sources was inoreasing efter 1916, and that in 1920, 1921 and 1922 the 
parchase price of power required dn Ox5053 of existing contrast arrange- 
vents bad reached the Fiyuya OF '; SeWO per horse~powsr por SMe (Other 

: supply trot “the Cunsddon Hiagara Power Company were 
sade re the Countasion for the BCCOUE % of the Ontario Power Company of 
Nisgare Felis, ons: for 29000 horse-powor for two years ending Janvary Bist, 


1922, at $1600 por horse-power per annum, und several other contracts 
uggregating abcut 30,000 horse-power and discontinued Way Sist, 1922, at 
216020 por horse-porer per annum, payable in United States funds, eppro- 
sinating €18.00 ‘te Camadian fends at the time. After the Gheenstor-— 
Chippewa Power Developeent was in Gperation, a contract to purchase 20,000 
hoe se-power at’ $18.00" per Horse-power per annum from the Ganndisn Magara 
Power Company was madd by the Commission in December, 1922, and this con- 
tract will expire on liey 1st, 1950, the supply available from such out side 
souross as the sbove was not and is not sufficient to serve the needs of 
the various, mastomrs who heve since demanded power servicoe The Queenston 
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Chippewa Power Revelopment has supplied the demand, and if the estimated — 
: costs are substantially realised in the feture, it #121 show very large 
savings over the provable price of purchssabdle power. m Dae 


87 inset, the Developeent would “agers produce power La. 
its various stages of develoyrent at & cost price of #24080 or 15.00 | 
por horsepower por aimee horns five waite fully loaded, which would be 


reduced to #12400 or #23400 per horsepower per, onmnts with the ful2 | 


development operating under novel aends® sone and free from operating 


ai 1rtouts ies. 


- It ds evident thet The Ontario Power Company plant et 160,000 
horse-power output i ‘et $13,60 to §18.00 por horse-powor 
per acne based on a diveskadinein of ebont $25,000,000, and that the 
Wlectrionl Development Company plant at an omtyut ef 100,090 horse-power 
would produce power at $12.00 or @15,.00 per horee-power por aznem based — 
om a sapitalication of abont $14,000,000, 


«  W4th 190,000 horae-power ontput the costs at The Gutario Power 
Company plant would be about 912.00 or (12.00 per horse-powsr per snnum, — 
and, similarly, if the Slectrical Development Company plant were operating 
with 146,000 horse-power output the costs would be $6.60 or 9.00 por 


“If those plants s were ¢ oyeratod & at those outpots, perover, the 
capacity of the Development woul de Linttea to sbont 500,080 horse=power 
with the present water wight sy none the cou ined welgn ted average coat would 


be fron fan.to to £12928 per horse-power per avarame 
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Assuming unrestricted water rights for the present plants with 
fall capacity installed, 27,000 oubic foot of water por segond would produce 


“sbout 540,000 horse-powsr from the Ontario Power Company plant amd the 


Tleetrical Development Company plant combined, at a total annual cost 
» between {3,400,000 and $5,600,000, thess total figures being equivalent 
to £10.00 per horse-power per annum, and $11.20 per horse-power per sited 
respectively. The Gneenston-—Ghippawa Powor Development conld probably 
““prodmee 650,000 horse-power with 18,000 oubie feet per second of water at 
“@ cost of $12.00 or 015.00 por horse-power per samme. The weighted average 
“ef these figures would be about 900,000 horse-power at $11.00 to £12.00 
per horse-power per annum, and the total water required for these three 
“plants would be ate Rae per second. Adding the water 
“used by the Canadian Magara Powor Company and by the International Rsil- 
way Company, the total water diversion on the Canadian side would have to 
be about 56,000 euble feet per second and the total power produced would 
_ be about 1,000,000 horse-powore 


The foregoing intend is what may be termed a comprehensive 

Gnewer to Question Ho. 7 contained in the Letters Patent and the figures 
“quoted have, in the first instance, been arrived at by using estinates 

gubmitted te our Consulting Engineer by the engineers of the Commission. 
_ These fignres have in turn been analysed by our Consulting Sngineer ond 
stated under the second analysis given, he has revised the estimntes 
., sabmitted by the engineers of the Commission to a basia whi oh makes addi. 
_. Sionml allowance for qqntingencios. zenoxve for renewals and so forth, 
_ sufficient to cover maximum reguirenantse It is pointed out in this 
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connection that the estimates subnitted ty the onginsers of the Comission 
@id not include any item whatsoever for contingencied and that the Fate in 
spect of reserve for renewals is somewtint lesa than that used herein. 


In our opinion, basis (b) should be sonsidered for use by the 
Commission in setting up operating costs In respect of this Development. 


a mm pur report 6 on the  Hogere aysten, * we have doalt at sone 
ng ~~ with the Sevqured condition which the Sroster Biagers system 


enjoys on account of he extended sinking fund pada om the ueon ston- 


pas Development» and @ similar condition in connection with the bonded 
Suicheetnten of the power sompanies which are scwned and operated by the 


Comission. According to the ¢ arrived ot by cur Accountants, we 
have shown that this 


ont bsengae era 


‘oo of dollars and cents wf] amount to 


Ot 4 to tne prey tnveaved,, it is sespoeteie tO compute 


with soouraey ‘she extent: to which the amma) ‘oost per ‘hores~powor to man i~ 
elpalities on the Greater Biagere Syeten would be i oreas * af #inking funds 
for the power plants. at Miagara ‘were éstebl toned on a ‘thtety-pesr basia 
contemplated by the Power Commission Act. Suffice st to say, however, 


that the Ingreate would be considerable. Mi on wa fe ie 


ing | into. acount the obepivest condition or the Queen ston- 
eaiypeetl’s pee inbalbenenmiis eaienbe of delivering 859,000 electrical 
horee-power, and agsuming that the Yleetrical Development Company and 
rio Power Company ars operating tw conjunction with the queen- — ~ 
nt, giving @ total ontpet capacity of abowt 600,000 horse-porer, 


the extra yoorly charges which would be added, if the eperation of these 


os wf cad 00 Benebtanos oi Kcret or” co 
ean vied diceaap rt edtos ‘pitietndo we aliliele nit 1 ea ttine 


. a te ESS DAR ing 


AE el 30. sro: 500 ak 


we eae 


oaks. 00,088 ‘4a satcovttae i 


qhea a Ce a 
prea Hp ihy' s ‘ae 4 gers 


eee Ld we, 


i uc c 


dypRo-ELectric Inquiry.ComMission 


COPY FOR ENCLOSURE TO 


* plants ‘placed on the same Sanda | aa the elants in other systems, would 
“'epount ‘to the eum just quoted, manely, $800,000, less a comparatively 
“small amount ayplicanie to the trenenfesion lines ond other ocatpuent | 
“taken over in ‘eonnecticn with the "Clean-up" deal. 


It. follows, therefore, that, if the horsepower billed to the 


. Greater Viagara System remained constant at 600,000 horsepower, the 
, Fates applicable would be increased by (1.00 per horse-powere Having 
_Fegara to the fact, however, thet the horse-power bilied will be some 
amount less then this, the extra cost per horse-power will be pro- 
portionately increasads 


niveut we i ‘Referring to another part of this report wherein is quoted 
‘submitted to the Promicr, the following passage should be observed: 


*1t wag found that on the basis of an Bltimate $00,000 
--- tePe Capacity for the permanent works, and with 100,000 

hepe oquipment inatalled, the development could be made 

_ for $16,500,009 with an annual charge of approximately 
$944,600.00 per aumum, including operation, interest, 
Sinking fund, maintenance and oll other operating Gharges 
or an equivalent of 79.44 per hep, per ennum for 100,000 

 hepe without depreciation amd sinking fond, the annual 
charges for er en would be Pan and for 76,060 


oy BeBeom Be20-, 


*Retimates vere also prepared to cover capacities up to 
200,000 and 300,000 heps which indicate that 260,000 
... RePe Gan be developed at a price not excesding 7.00 
amd 800,000 hepe at & price not exeeeding 26.00 per 
annum including wnibvinasia iain fund and Likagptomeonney 
chargese” — 


How it will be noted that at the time thie statement was made 
@ Maxine development of 360,000 horse-power was contemplated and it was 
predicted that the price per horse-power would not exoeed 76.00 incinding 
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(all chargess At that time the Comission was figuring interest at BS. Since 


the sbove statemont was made interest charges have increased, and are now being 
figured at about 64. On the other hand the 96.00 rate is figured on a thirty- 
year sinking fund basis equivalent to om ammusl charge of about 1.8% on the cap- 
itel invested. the sinking fund now figured by the Commission is on a forty- 
yesr basis which reduees the annus charge from 1-88 to 18, correspondingly 
anoint the ‘annual coat of powers Depreciation charges, commonly Known 28, 
reserve for reneraly wore figared apon & much higher basis in 1915 than at. the 
prosont ‘time. Es idli, they were probably | more them Swice aS great os are now 
being weed by the ‘Commissions it would eppear that any advon tage gained hy 
decreasing yearly oinking fund ancaate ana depreciation charges is approximately 
offeot by the snoreese in interest Fates mt may be considered, therefore, that 
if the cost of power CGP doo per saase-ae ey, ‘per annum, it would be 
practicsliy the same figare ” the presen’ time if construction costs had been. 
socurstoly estineted in the tira instancae Constrnetion costs of ali kinds 
Snevense’ enenneusiy daring the period from 1918 to 1921 when the Queenston- 
Chippowa Power Developent was being wade, and, generally speaking, the purchas- 
ing power of a dollar towards the ond of that ‘partied was about half of that of 
1935. It is therefore unfair to eompare am estimated cost of $6.00 per horse- 
power made in 191i-with yrosent costes unless the general inflation of prices 

be taken inte consideration together with the specific loos] conditions found 


i 


sy “the fact remains thet the est of power trom the Chippewa plant will 
sotvally ve betwean 415.00 per novne~pewer per annem at present and about $12.50 
or ‘3.00 per ‘horee-power per atmam in the future when the completed pliant is 
gperating at full loads 
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On the basie of actual conditions, it might be stated that the 
effect of the. inoressed gonstrnetion gosts after 1915 is that the setusl cost 
i. ie power from the quegnston-Chippawa Power Development is Detwqen id ant two 
, J and one-half tines Cie estimated figure made public by Sir Ada Book tn his 


ni there ts another matter that should Be kept in mind ‘when msking 
ee couperinones sanelye hay bony anaee of acti gost made in 1915, on 
plant “of the capacity as built, nor does it in many regpocts represent the unit 
costs as used im Ustimate Noe 2 of 1917, which was the estimate under wath the 
constraction was proceeded With On the othor hand, as far a8 we have dean abla 
to learn, the statevent wade by Sir Adom Beck in bis letter of Soptenber 15th, 
rding the obser tut ; horsarpower of onergy from the Developsont 


* 3915, - MF: ah 
4g gontaine the only. rl I ith given publicity at the time the Development 
wes wader considerations — 


ruth a tae 
Ea ‘ 


i wo have chown in our repert on the Niagara dyster that on Jemary 
det, ‘wi, a vote was submitted vo the ratepayers of over 70 mamicipalities in 
‘ths Magers dysten, ‘acking ‘for ee endoraation of a plan whereby the Comission 

would be authorised to ‘poquire ‘operating companies ‘or gonstruct ‘developrents 
ecwseary for the oupply of glectrical omergy to the Nisgora ‘tystex. The 
: figares quoted in ‘the letter of ‘September 18th, 1916, above referred te, were 
‘undonbtodly ie ‘the minds ‘ot the ‘people ‘who voted on this question, an4, as wo 


aoa stated, ‘Uitele ‘or ne poblicity was given to any other figures gubsequent 


q toe that time. 
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pee In 3 former report. we state, ‘that there are very tow, if anys 
obablttilitues si ite Athenee indies on the gapital etibiiiiin gley — 
ao ‘importent * port in onrnal ‘cost as in the ‘generation of elogtrical enereye 
bs ‘gommection vin ad same scbjoct, wa show ‘that on the beste ot the 
oot imtos of the ‘Commission interest on the ba invested represents 
approxtiatoly ‘104 of ond the charges catering into the ‘nnn cost of 
gonarating power in the tonbined ‘Plante 8 at Vwinigara. Oo FEE Ga 


Sinking fond ed the pent Smportant Daag end represents approzin~ 
ately As of the cost, uaing a forty-yoar inking fund period. ‘Therefore, a 
_ renaining "8 is aye tr iiu BQmest } Operation, Maintenances depreciation 


ie ‘spplent that the oapitel opst is the direct | 


regulator © of the onmal cost per, - horsepower, Petting this fact i ite ve 
simplest, toms a8 may ve stotea thet the capital cont per horee<yower direstly 
roguletes the ‘enmmel oost por. horse-powere The extent te which this etatement 
a: _ applied varies rer tpg conditions, but in the case of the 
Gadenvten-thtppewn Power Devedepunt it applies more forcibly than in eny 
other development Operated ty ‘the Commission. In another section of this 
report we have set forth all estinites prepared by the engineers of the 
Comission oF by contaltants smployed by 1t from June 23rd, 1915, to January, 
‘Per purposes of convenience we repent certain of the information © 


contained in thet table, es follows: 
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“only pert ‘of the capacity of the mah om 
‘colem noaded "Approx inate Copttal Cost ver Horse=Power" are marked with a 


Approx imate 
», Sotel amount. Capital Cost 


f istimate per | forse= 


(@) June 28/18 ses 6,560 Varying 10,610,235 = 10¢* 


(e} Tove 27/17 PO A 40,000 24,516,016 wy, BA 
{4) Feb. 6/16 10,000 24,000,000 80 
{e) Jen. 38/19 1 15,000 | 25,102,915 84" 
(£} Late im 1919 300,000... 25,000. 600,000... 27,025,635 » 90" 
(a) dane 29/23 300,000 18,000 600,000 64,370,180 B14 
{h) Jane 29/83. 500,000 15,000... 600,000 74,677 86? 14g 


| iy dene wey £50,000 16,000 850,000 60,729,014 147 


the figuras in the éolwm headed "approximate Capital Cost per 


| Horse-Power" are arrived at by dividing the totel avount of est imte im dollars 


wore In cases shore the installetion is 


ot as a whole, the figures in the 


? star, thos *s ‘and are not comparsb2e anonget themselves 3 nor with those not 
: 80 designates with a stare t will thas be seen rca there are im the table 


, given : above five « oases on a » corresponding | basias 


As & matter of ahd the lust estimate bearing date January 
29th, 1928, lettered (ae ‘above, was again revised on Pebrusry Zist, 1923, 
the eatinated capital cost being given to our Consulting Engineer aS 


“$02,405,016 Dividing this by the nominal installation horne~powvr's 660,000, 
‘o get wat approxiuate eapitel enst per horae~powor of $150400. Accepting 
thie. oe ® final figure, and compar ing tt with the getinntes tn thee of the 
cases in whten they are comparsble, we get the following: 
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. le merenne of final coat over : 
 gatinete of January 6th, BOIS vovsecvesiace $95.00 per Rep. or isis. | 

F 2. Thoreasa of finsl cost over | : | 

4 a _eetinate of Foveuber Teh, 2917 env nnewee $69.00 yar — or ~~ doa 
Be Ineresse of final cost over 

i: a te of Pebruary Sth, 1916 sevesenesve #0.00 ” ee or ast, 


ee ve we are » previously shown vnagio’ the exauad soot per ‘hor ve—power 

to the ne Mhagars. 9 oyster wind be sonewhat more than twice the amount originally 
ostinated “pe ins 1916. _Sonparing this ratio et inereane. with the ratio of 
tneronse in capital cost er porea-guvey developed, bed wid be noted that | 
while | tre ratio | ae not eveatly differant, Grea ratio of inorease in the capital 


teas ypY vente of imerease in the extual cost 
(2 atur&l that this is so, for the development 


a has nearly twie@ the ospacity of thet estimated upon 


in 191%, ut the works necessary to obtain thie capacity ure far from being | 
wwidé'Uhe’datent ‘Of those contenplated iu the 19217 estimate. It may be 
stated generally that the capital cost per horscspower developed decreases 
within certain limits ae the capacity Increases. wae ar i 


: ae im another report we heya stated thet the onmal gost of pover 
ders & fairly definite parounsage ratio te the eupstal eost per horse-power 
developed, verging probably het se ef and ihe in this report we have shown 
that the anna anes of pore from the Suewnston-Chi peers Power Development, 
wher fully lesded will very. fron 22.60 te abouts $24.00 per horse-powor at 
1 the bus-bars. It follows, thorefore, that, in this Derelepmant the annual 
gost of power te eye 8% ond 9% of the wapaved cost per horse-powar dvvetdaahs 


: With this fact in mimi it is interesting to observe the effect 
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2 that an fucrease in the capital coct would have on the anmal coat of power. 
Spemnans that a plomt capable of developing 559,999 horse-power 8% & eapitar 


ERY 


ont ‘of eT, mane ture eost wil ,990,900, less, ov 972,900,009 under 
eudiuany otroustanoes, the exanss ‘goat of 21,090, i) represents $20.00 


fos 


“sapitad cost per horae-powor for & 869,090 horsepower plext, Assuming 


es the sumal woot per hoveo-power represents aboat 9% of the capital cost 
ot developing, ‘the price of power “would be “affected to the extent of only 
“#1480 per harse—pow? p por emma,  %% Will, ‘therefore, ye noted that a 
“ovelomnent of this charactor might have an iusrease of many millions of 


“dollars tn m capital « cost without vesfoot ing tos vory marked extent the 


we oe . There is still anether view of this matter which | snoald } be talon 
oimbo cmmeideration, nenely, that car asalysis has been based upon the sole of 
; Spower at the bae-bers of the generating station. ‘This power is in reality 
aistribated to the manlocipalities, the logai authorities of whieh sell it 
on @ retail basis to their customers. Ac the eale of power inoreases and as 
its consumption is apread over o variety of uses, the value of the diversity 
tox increases, ond the municipalities may, and usually do, receive reyeque 
from the sale of wach greater amounts of power then they actually purchase 
from the Commission. ‘herefore, any excesses or increases in cost af power 
billed them by the Commission may be entirely absorbed or offset when diversity 
te taken into consideration. Nevertheless, if there is an exoess or an unverranted 
inerease in the cost of power, the economic loss atill exists and the excess 
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Capagity of Development 


@xpenditure can never be recovered. 


4 | 
We have shown that the increase in the anal cost of pover 
delivered from the Queenston-Chippawa Power Development varies almost in 
the sama ratio as the inorease of actual over estimated capital cost. 
We will set forth in a later part of this report our opinion as to vhat 
the actual cost should have been, bat speaking gonerally it may be 
stated now that the inoreages in the cost of power to the Niagara System 
over the cost predicted in 1915 ure directly caused by the inoreased 
Gapital cost of the work, «ii ease is largely due to the unusual 
way in whioh the Bila an 0 ed Out, and to the conditions prevailing 
at that time. It my also bo stated that,even when work of this nature 
costs a great desi more than it should, the effect on the anmal cost 
of power is not so geet as might be expected. 
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